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TRANSFER ARM APPARATUS AND 
SEMICONDUCTOR PROCESSING SYSTEM 

USING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a transfer arm apparatus 

for transferring a target substrate, such as a semiconductor 
Wafer or an LCD substrate, and a semiconductor processing 
system using the transfer arm apparatus. The semiconductor 
process includes various kinds of processes Which are per 
formed to manufacture a semiconductor device or a structure 

having Wiring layers, electrodes, and the like to be con 
nected to a semiconductor device, on a target substrate, such 
as a semiconductor Wafer or an LCD substrate, by forming 
semiconductor layers, insulating layers, and conductive lay 
ers in predetermined patterns on the target substrate. 

2. Description of the Related Art 
In a process of manufacturing a semiconductor device, a 

transfer arm apparatus is used for loading and unloading a 
target substrate to and from a process chamber. FIG. 9 is a 
plan vieW schematically shoWing the structure of a transfer 
arm apparatus 90 Which is conventionally typical. The 
transfer arm apparatus 90 has a ?rst arm 91 capable of 
bidirectionally pivoting, a second arm 92 pivotally con 
nected to the distal end of the ?rst arm 91, and third arm 93 
pivotally connected to the distal end of the second arm 92. 
Atarget substrate, e.g., a semiconductor Wafer is transferred 
While it is mounted on the distal end of the third arm 93. The 
?rst and second arms 91 and 92 contain pulley mechanisms 
(not shoWn), With Which the second and third arms 92 and 
93 can be bent and stretched. 

Since the transfer arm apparatus 90 is designed to transfer 
only one target substrate, i.e., one Wafer, at a time, the 
process chamber cannot be ef?ciently loaded and unloaded 
With Wafers, and a limit is brought about improving through 
put. Accordingly, if the third arm is modi?ed to have tWo 
Wafer support portions, one on either end, in order to transfer 
tWo Wafers together by the third arm, the throughput can be 
improved. HoWever, Where this modi?cation is applied to 
the transfer arm apparatus 90, the folloWing problems arise. 

Speci?cally, in this case, the third arm needs to be 
connected, by its central portion in the longitudinal 
direction, to the distal end of the second arm, in order to 
alloW the Wafer support portions at opposite ends of the third 
arm to be equivalently usable. Since the length of the third 
arm should not be so large in light of its operation space, that 
distance from the connecting portion betWeen the second 
and third arms to each of the Wafer support portions at 
opposite ends of the third arm inevitably becomes short. As 
a result, upon transferring a Wafer to and from a process 
chamber, the connecting portion betWeen the second and 
third arms has to enter the process chamber. When the 
connecting portion of the arms enters the process chamber, 
in Which the temperature may be at least 1000° C., part of 
the pulley mechanism at the connecting portion is damaged 
by the high temperature. 
More speci?cally, the pulley mechanism is usually sur 

rounded by a casing and the connecting portion of the arms 
is vacuum-sealed by an airtight structure formed of a mag 
netic ?uid seal to prevent the Wafer from being contaminated 
With particles and impurity gases generated from the pulley 
mechanism and belts. Since the magnetic ?uid seal is apt to 
be degraded by heat, When the connecting portion betWeen 
the second and third arms are exposed to the high 
temperature, the airtight structure of the magnetic ?uid seal 
is degraded and damaged, and so are the belts of the pulley 
mechanism. 
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2 
On the other hand, there is a conventional transfer arm 

apparatus of another type, Which has ?rst and second arms 
respectively formed of link mechanisms. The transfer arm 
apparatus of this type requires a number of links to be used, 
thereby bringing about a dif?culty in providing a structure 
suitable for a narroW and loW-height space, such as a transfer 
chamber. In addition, since the link mechanisms each have 
a change point, i.e., a dead point, the ?rst and second arms 
can be hardly stretched out. When the link mechanisms are 
stretched up to a near dead point, the ?rst and the second 
arms become unstable in its posture and can hardly transfer 
a Wafer to a predetermined position, e.g., a Wafer chuck, in 
a process chamber. Further, the transfer arm apparatus of this 
type cannot provide a suf?cient transfer stroke in spite of the 
length of the ?rst and second arms. 

BRIEF SUMMARY OF THE INVENTION 

An object of the present invention is to provide a transfer 
arm apparatus having a simple structure, Which is capable of 
accurately transferring a target substrate to a predetermined 
position Without any damage even under a high temperature. 

According to the present invention, there is provided a 
transfer arm apparatus for a semiconductor process, com 
prising: 

a ?rst arm bidirectionally pivotable about its proximal 
end; 

a second arm connected by its proximal end to a distal end 
of the ?rst arm, the second arm being bidirectionally 
pivotable about its proximal end relative to the ?rst 
arm; 

a third arm connected by its central portion to a distal end 
of the second arm, the third arm having support 
portions, each for supporting a target substrate, on 
opposite ends, 

Wherein the second arm has a proximal link pivotally 
mounted on the distal end of the ?rst arm, and ?rst and 
second links connecting the proximal link and the third 
arm to constitute a link mechanism, the ?rst and second 
links forming a ?rst pair of parallel links, and the 
proximal link and the third link forming a second pair 
of parallel links connecting the ?rst pair of parallel 
links; 

a transmission supported by the ?rst arm, and having ?rst 
and second rotational axis members coaxially arranged 
at the distal end of the ?rst arm, the ?rst rotational axis 
member being for transmitting a rotational driving 
force to the ?rst pair of parallel links, and the second 
rotational axis member being for transmitting a rota 
tional driving force to the second pair of parallel links 
through the proximal link; and 

a driving mechanism for supplying the rotational driving 
forces to the ?rst arm and the transmission. 

In a ?rst aspect, the ?rst link consists of a driving link 
directly connected to the ?rst rotational axis member, and 
the second link consists of a driven link freely and pivotally 
mounted on the proximal link. The second arm may further 
comprise a third link connecting the proximal link and the 
third arm. Where the third link consists of a driven link 
freely and pivotally mounted on the proximal link, it is 
preferable that the second and third links are symmetrically 
arranged to interpose the ?rst link therebetWeen. 

In a second aspect, the ?rst and second link consist of 
driving links Which are directly connected to the ?rst rota 
tional axis member. The ?rst and second links consisting of 
the driving links may be asymmetrically arranged relative to 
a line connecting pivotal axes of the ?rst and second arms. 
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In this case, it is preferable that the ?rst rotational axis 
member is ?xed to the ?rst link and the second link is 
pivotally mounted on the proximal link. The ?rst and second 
links consisting of the driving links may be symmetrically 
arranged relative to a line connecting pivotal axes of the ?rst 
and second arms. In this case, the ?rst and second links are 
pivotally mounted on the proximal link. 

In both of the ?rst and second aspects, When the transfer 
arm apparatus is bent or stretched, it is preferable that the 
proximal link is driven to pivot relative to the ?rst arm by an 
angle the same as that of the ?rst arm in a direction reverse 
to that of the ?rst arm, and the ?rst and second links are 
driven to pivot relative to the ?rst arm by an angle tWo times 
larger than that of the ?rst arm in a direction reverse to that 
of the ?rst arm. Further, a distance betWeen pivotal axes of 
the ?rst and second arms and a distance betWeen pivotal axes 
of the second and third arms are preferably set to be the 
same. 

According to the present invention, there is also provided 
a semiconductor processing system, comprising: 

an airtight process chamber Which is provided With a 
Work table arranged in the process chamber for sup 
porting a target substrate, a supply for supplying a 
process gas into the process chamber, and an exhaust 
for exhausting and setting the process chamber into a 
vacuum state; and 

an airtight transfer chamber Which is connected to the 
process chamber through a gate and is provided With 
the above described transfer arm apparatus for loading 
and unloading target substrates to and from the process 
chamber. 

In a semiconductor processing system of a multi-chamber 
type, another process chamber or other process chambers are 
connected to the transfer chamber each through a gate, and 
the transfer arm apparatus is used for loading and unloading 
target substrates to and from all of the process chambers. 

Additional objects and advantages of the invention Will be 
set forth in the description Which folloWs, and in part Will be 
obvious from the description, or may be learned by practice 
of the invention. The objects and advantages of the invention 
may be realiZed and obtained by means of the instrumen 
talities and combinations particularly pointed out in the 
appended claims. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

The accompanying draWings, Which are incorporated in 
and constitute a part of the speci?cation, illustrate presently 
preferred embodiments of the invention, and together With 
the general description given above and the detailed descrip 
tion of the preferred embodiments given beloW, serve to 
explain the principles of the invention. 

FIG. 1 is a plan vieW shoWing a transfer arm apparatus 
according to an embodiment of the present invention; 

FIG. 2 is a cross-sectional vieW taken along line II—II in 
FIG. 1; 

FIGS. 3A to 3C are vieWs for explaining an operation of 
the transfer arm apparatus shoWn in FIG. 1; 

FIGS. 4A and 4B are a plan vieW shoWing a transfer arm 
apparatus according to another embodiment of the present 
invention, and a cross-sectional vieW taken along line 
IVB—IVB in FIG. 4A, respectively; 

FIGS. 5A and 5B are a plan vieW shoWing a transfer arm 
apparatus according to a modi?cation of the embodiment 
shoWn in FIGS. 4A and 4B, and a cross-sectional vieW taken 
along line VB—VB in FIG. 5A, respectively; 
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FIGS. 6A and 6B are a plan vieW shoWing a transfer arm 

apparatus according to still another embodiment of the 
present invention, and a cross-sectional vieW taken along 
line VIB—VIB in FIG. 6A, respectively; 

FIGS. 7A and 7B are a plan vieW shoWing a transfer arm 
apparatus according to still another embodiment of the 
present invention, and a cross-sectional vieW taken along 
line VIIB—VIIB in FIG. 7A, respectively; 

FIG. 8 is a plan vieW shoWing an example of a semicon 
ductor processing system employing the transfer arm appa 
ratus shoWn in FIG. 1; and 

FIG. 9 is a plan vieW schematically shoWing a conven 
tional transfer arm apparatus. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 is a plan vieW shoWing a transfer arm apparatus 
according to an embodiment of the present invention and 
FIG. 2 is a cross-sectional vieW taken along line II—II in 
FIG. 1. 
The transfer arm apparatus 30 according to this embodi 

ment has a ?rst arm 31 mounted on a base table 35, a second 
arm 32 connected by its proximal end to the distal end of the 
?rst arm 31, and a third arm 33 connected by its central 
portion to the distal end of the second arm 32. The ?rst and 
second arms 31 and 32 are bent and stretched relative to each 
other so that the third arm 33 is operable. Wafer support 
portions 33A each for supporting a semiconductor Wafer are 
formed at the opposite ends of the third arm 33, respectively. 
Accordingly, the transfer arm apparatus 30 can transfer tWo 
Wafers at a time While supporting the Wafers on the Wafer 
support portions 33A, respectively. 
The ?rst arm 31 has a casing 31A having, for example, a 

long, narroW shape, as shoWn in FIG. 2. Atransmission 31B 
is arranged in the casing 31A, and is driven by a driving 
mechanism 31C disposed under the base table 35. A holloW 
axial shaft 31D extends doWnWard from the bottom surface 
of the proximal end of the casing 31A. The holloW axial 
shaft 31D is rotatably supported by a bearing 31E in a hole 
formed in the base table 35. In the center of the top surface 
of the distal end of the casing 31A, there is formed another 
hole through Which the second arm 32 is connected. 
The transmission 31B includes upper and loWer ?rst 

pulleys 31F, upper and loWer second pulleys 31G rotatably 
supported at the distal end of the casing 31A, and upper and 
loWer belts 31H Wound around the ?rst and second pulleys 
31F and 31G, as shoWn With one-dot chain lines. The upper 
one of the second pulleys 31G has the same diameter as the 
corresponding upper one of the ?rst pulleys 31F. The loWer 
one of the second pulleys 31G has half the diameter of the 
corresponding loWer one of the ?rst pulleys 31F. The second 
pulleys 31G are integrated With a link of the second arm 32, 
as described later. The loWer one of the second pulleys 31G 
functions as part of a ?rst rotational axis member, While the 
upper one of the second pulleys 31G functions as part of a 
second rotational axis member. 
The driving mechanism 31C includes a ?rst motor 311 for 

driving the casing 31A through the holloW axial shaft 31D 
to bidirectionally pivot and a second motor 31] for driving 
the ?rst pulley 31F to bidirectionally rotate through an axial 
shaft 31L coaxially arranged in the holloW axial shaft 31D. 
The ?rst motor 311 and the holloW axial shaft 31D are 
connected by a belt 31K, as shoWn With one-dot chain lines. 
The ?rst arm 31 is driven by the ?rst motor 311 to pivot 
along With the holloW axial shaft 31D. The second motor 31] 
and the axial shaft 31L of the ?rst pulley 31F are connected 
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by a belt 31M, as shown With one-dot chain lines. The ?st 
pulley 31F is driven to rotate by the second motor 31]. The 
belts 31K and 31M are not necessarily required, but a 
structure of a direct driving type may be adopted such that 
the axial shafts are directly driven by the corresponding 
motors. 

As shoWn in FIGS. 1 and 2, the second arm 32 has a long, 
narroW driving link 32A bidirectionally and pivotally con 
nected by its proximal end to the axial shaft of the second 
pulley 31G, and a pair of left and right driven links 32B, one 
on either side beloW the driving link 32A. The driven links 
32B are symmetrically connected by their proximal ends to 
a proximal link 32C having an essentially square shape. The 
third arm 33 is connected to the distal ends of the driving 
link 32A and driven links 32B in a manner as described later, 
so that a link mechanism is constituted. The axial shaft of the 
loWer one of the second pulleys 31G Will be referred to as 
part of the ?rst rotational axis member, and Will be referred 
to as such in the other embodiments. 

The driving link 32A is provided With an axial shaft 32D 
Which extends doWnWard from the center of the loWer 
surface at its proximal end and also functions as the axial 
shaft of the second pulleys 31G. The pair of driven links 32B 
has the same shape, in Which opposite ends of each link are 
bent toWard the same direction, as shoWn in FIG. 1. The 
driven links 32B are symmetrically arranged, one on either 
side of the driving link 32A, such that their bent ends face 
each other. Holes for pins are respectively formed at oppo 
site ends of each of the driven links 32B. 

The proximal link 32C is provided With a holloW axial 
shaft 32E, Which extends doWnWard from the center of a 
region slightly closer to its proximal end, and through Which 
the axial shaft 32D of the driving link 32A coaxially 
penetrates, as shoWn in FIG. 2. Apair of pins 32F are formed 
at left and right positions near the distal end of the proximal 
link 32 and are inserted in the holes formed in the proximal 
ends of the driven links 32B. 

The axial shaft 32D of the driving link 32A is rotatably 
supported by a bearing 32G in the holloW axial shaft 32E. 
The holloW axial shaft 32E is rotatably supported by a 
bearing 32H in a hole formed at the center of the distal end 
of the ?rst arm 31. Each of the pins 32F are rotatably 
supported by a bearing 321 in the hole formed in the 
proximal end of the corresponding driven link 32B. The 
holloW axial shaft 32E integrated With the proximal link 32C 
Will be referred to as part of the second rotational axis 
member, and Will be referred to as such in the other 
embodiments. 
A ?rst pin 33B extends doWnWard from the center of the 

third arm 33, as shoWn in FIG. 2. Further, tWo second pins 
33C extend doWnWard and are equidistantly separated from 
the ?rst pin 33B in the longitudinal direction of the third arm 
33. The second pins 33C extend doWnWard further than the 
?rst pin 33B from positions close to one side of the third arm 
33. The ?rst pin 33B is rotatably supported by a baring 33D 
in the hole formed in the distal end of the driving link 32A. 
Each of the second pins 33C are rotatably supported by a 
bearing 33E in the hole formed in the distal end of the 
corresponding driven link 32B. 

In other Words, in this embodiment, the driving link 32A 
and each of the driven links 32D of the second arm 32 
constitute a ?rst pair of parallel links, and the proximal link 
32C and the third arm 33 constitute a second pair of parallel 
links connecting the ?rst pair of parallel links. In the 
transmission 31B, the ?rst rotational axis member (the axial 
shaft 32D) transmits a rotational driving force to the ?rst pair 
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6 
of parallel links, and the second rotational axis member (the 
holloW axial shaft 32E) transmits a rotational driving force 
to the second pair of parallel links through the proximal link 
32C. 

As described above, the axial shaft 32D of the driving link 
32A is provided With the loWer one of the second pulleys 
31G integrated thereWith, Which has half the diameter of the 
loWer one of the ?rst pulleys 31F. The holloW axial shaft 32E 
is provided With the upper one of the second pulleys 31G 
integrated thereWith, Which has the same diameter as the 
upper one of the ?rst pulleys 31F. Accordingly, When the 
?rst pulleys 31F rotate, the driving link 32A pivots by an 
angle tWo times larger than those of the ?rst pulleys 31F, 
While the proximal link 32C pivots by the same angle as the 
?rst pulleys 31F, i.e. half that of the driving link 32A. 
The proximal ends of the driving and driven links 32A and 

32B are connected to the proximal link 32C at three points, 
While the distal ends of the driving and driven links 32A and 
32B are also connected to the third arm 33 at three points. 
The three points on the proximal side and the three points on 
the distal side form triangles having the same siZe. 
Accordingly, as shoWn in FIG. 3B, When the driving link 
32A and one of the driven links 32B are in a state of forming 
a dead point, the driving link 32A and the other of the driven 
links 32B are not in a state of forming a dead point. Further, 
as shoWn in FIG. 3C, When the ?rst to third arms 31, 32, and 
33 are stretched straight, the driving link 32A and each of the 
driven links 32B do not fall in a state of forming a dead 
point, though the pair of driven links 32B reach a dead point. 
Accordingly, When the arms start being returned to the initial 
position, the moment of rotation about the axial shaft 32D of 
the driving link 32A Works on the pins 32F of the driven 
links 32B, so that the arms are smoothly and reliably moved 
up to the initial position. 

The casing 31A of the ?rst arm 31 is made of, for 
example, aluminum, and is formed as an airtight structure by 
O-rings and magnetic ?uid seals. The second and third arms 
32 and 33 are made of, for example, ceramics, Which is 
excellent in corrosion resistance and heat resistance, and 
produces hardly any dust. The bearings 33D and 33E 
arranged at the pin-connecting portions betWeen the second 
and third arms 32 and 33 are also made of, for example, 
ceramics, Which is excellent in corrosion resistance and heat 
resistance, and produces hardly any dust. Accordingly, the 
pin-connecting portions are prevented from being damaged 
even When they enter a heated region, such as a heat-process 
chamber. 
An explanation Will be given on an operation of the 

transfer arm apparatus 30 With reference to FIGS. 2 and 3A 
to 3C. Assume here, for example, that the ?rst motor 311 of 
the driving mechanism 31C is activated While the second 
motor 31] is stopped so that the ?rst arm 31 pivots clockWise 
about the holloW shaft 31D from the initial state, ie the 
most compact state, as shoWn in FIG. 3A. 
When the casing 31A of the ?rst arm 31 is driven by the 

?rst motor 311 to pivot clockWise as indicated With an arroW 
A in FIG. 3A, the ?rst pulleys 31F rotate counterclockWise 
relative to the holloW axial shaft 31F. During this time, like 
the ?rst pulleys 31F, the second pulleys 31G also rotate 
counterclockWise as indicated With an arroW B in FIG. 3A. 
As a result, the second arm 32 pivots counterclockWise 
about the distal end of the ?rst arm 31, as the angle betWeen 
the arms 31 and 32 gradually increases. 
The upper and loWer ones of the second pulleys 31G have 

different outer diameters, and thus the driving link 32A and 
the proximal link 32C pivot by different amounts. More 
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precisely, the pulley of the driving link 32A, i.e., the loWer 
one of the second pulleys 31G, has half the diameter of the 
loWer one of the ?rst pulleys 31F, While the pulley of the 
proximal link 32C, i.e., the upper one of the second pulleys 
31G, has the same diameter as the upper one of the ?rst 
pulleys 31F. Accordingly, the driving link 32A pivots rela 
tive to the ?rst arm 31 by tWice the angle of the ?rst arm 31 
in the opposite direction, While the proximal link 32C pivots 
relative to the ?rst arm 31 by the same angle as the ?rst arm 
31 in the opposite direction. 

In other Words, When the ?rst arm 31 pivots clockWise by 
a certain angle from the initial state, the second arm 32, i.e., 
the driving and driven links 32A and 32B, pivots counter 
clockWise by tWice the angle of the ?rst arm 31 from the 
initial state through the proximal link 32C relative to the ?rst 
arm 31. For example, as shoWn in FIG. 3B, When the ?rst 
arm 31 pivots clockWise by 45° from the initial state, the 
second arm 32 pivots counterclockWise by 90° from the 
initial state relative to the ?rst arm 31°. Further, as shoWn in 
FIG. 3C, When the ?rst arm 31 pivots clockWise by 90° from 
the initial state, the second arm 32 pivots counterclockWise 
by 180° from the initial state relative to the ?rst arm 31, and 
the ?rst and second arms 31 and 32 reach a state Where they 
are stretched straight. 

Furthermore, as described above, the driving link 32A and 
each of the driven links 32B of the second arm 32 constitute 
the ?rst pair of parallel links, and the proximal link 32C and 
the third arm 33 constitute the second pair of parallel links 
connecting the ?rst pair of parallel links. Due to a function 
of such a parallel link mechanism, the third arm 33 remains 
parallel relative to the proximal link 32C While the ?rst and 
second arms 31 and 32 are pivoting. Since the proximal link 
32C pivots relative to the ?rst arm 31 by the same angle as 
the ?rst arm 31 in the opposite direction, the proximal link 
32C keeps its orientation in the initial state, and thus the 
third arm 33 also keeps its orientation in the initial state, 
While the ?rst and second arms 31 and 32 are pivoting. In 
addition, the distance betWeen the pivotal axes of the ?rst 
and second arms 31 and 32 and the distance betWeen the 
pivotal axes of the second and third arms 32 and 33 are set 
equal. As a result of such a structure, the third arm 33 
linearly moves on a line extending across the pivotal axis of 
the ?rst arm 31 While the ?rst, second, and third arms 31, 32, 
and 33 are operated. 

For example, in the state shoWn in FIG. 3C, the proximal 
link 32C has pivoted counterclockWise by 90° from the 
initial state relative to the ?rst arm 31, and the tWo pins 32F 
at the proximal ends of the pair of the driven links 32B are 
aligned back and forth along the longitudinal direction of the 
?rst arm 31. Consequently, the tWo pins 33C at the distal 
ends of the pair of the driven links 32B are also aligned back 
and forth along the longitudinal direction of the ?rst arm 31. 
As a result, the longitudinal direction of the third arms 33 
pin-connected to the second arm 32 and the longitudinal 
direction of the ?rst arm 31 are aligned, and the ?rst, second, 
and third arms 31, 32, and 33 reach a state Where they are 
stretched most. 

Note that, in the above described operation, only the 
casing 31Aof the ?rst arm 31 is driven by the ?rst motor 31I, 
so that the second and third arms 32 and 33 are stretched 
While the ?rst arm 31 is directed to a position, to and from 
Which a Wafer is transferred. On the other hand, When the 
?rst, second, and third arms 31, 32, and 33 are turned to face 
a different direction While keeping the initial state, the ?rst 
and second motors 311 and 31] of the driving mechanism 
31C are simultaneously driven. In this case, the ?rst pulleys 
31F are driven to rotate by an angle in a direction both the 
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8 
same as those of the ?rst arm 31, so that the holloW axial 
shaft 31D of the casing 31A and the ?rst pulleys 31F are 
moved While they remain stationary relative to each other. 
With the above described operation of the transfer arm 

apparatus 30, Wafers can be reliably transferred onto or from 
a Wafer Work table arranged in a heated chamber, such as 
heat-process chamber, by the Wafer support portions 33A of 
the third arm 33. For example, When a processed Wafer is 
unloaded from the heated chamber by one of the Wafer 
support portions 33A, a Wafer to be processed next is held 
by the other Wafer support portion 33A. Sequentially, the 
?rst arm 31 is temporarily returned to the initial state, and 
the ?rst, second, and third arms 31, 32, and 33 are turned to 
change their facing direction by 180° While keeping the 
initial state. Then, the ?rst arm 31 is driven to pivot by 90° 
in a direction reverse to the above described case, so that the 
Wafer to be processed is loaded in the heated chamber. By 
doing so, unloading of the processed Wafer and loading of 
the Wafer to be processed can be performed in series. 
As described above, in the embodiment, the ?rst arm 31 

is structured as an arm containing a transmission, i.e., the 
pulley mechanism, and the second arm 32 is structured by 
the link mechanism. With this structure, the second arm 32 
becomes mechanically simple, as compared to a transfer arm 
apparatus constituted by ?rst and second arms containing 
pulley mechanisms, respectively. The connecting portion 
betWeen the second and third arms 32 and 33 is provided 
With the bearings 33D and 33E made of ceramics. 
Accordingly, even if the distal end of the second arm 32 
enters a heated chamber, it and its connecting portion to the 
third arm 33 are prevented from being damaged. Since the 
?rst arm 31 does not have to enter the heated chamber, its 
vacuum-seal structure is not damaged. 
When the ?rst, second, and third arms 31, 32, and 33 are 

fully stretched, the pair of the driven links 32B reach the 
dead point, but the main driving link 32A and each of the 
driven links 32B do not form any dead point. Accordingly, 
the arms can be smoothly returned to the initial state after 
they are fully stretched. In other Words, ?rst, second, and 
third arms 31, 32, and 33 can be stretched out, so that the 
maximum transfer stroke is attained. 
The second and third arms 32 and 33 are accurately and 

reliably driven at all times by the transmission, i.e., the 
pulley mechanism 31B including the belts, in the ?rst arm 
31. Accordingly, the posture and transfer direction of the 
arms are accurately controlled, so that a transfer operation is 
stably performed. Further, since the vacuum-seal structure 
of the ?rst arm 31 is never damaged, a Wafer to be trans 
ferred is prevented from being contaminated With particles 
and impurity gases produced from the transmission. 
The transfer arm apparatus 30 may be installed in a Wafer 

transfer chamber of a plasma processing system, such as 
etching and CVD processes. FIG. 8 is a plan vieW layout 
shoWing an example of such a semiconductor processing 
system of a multi-chamber type employing the transfer arm 
apparatus 30. 
The multi-chamber processing system includes three air 

tight process chambers 1, 2, and 3, for performing an 
etching, and a ?lm-formation of a metal, such as tungsten, 
by means of, for example, thermal CVD, under certain 
vacuum atmospheres. A Work table 8 for mounting a semi 
conductor Wafer W is arranged in each of the process 
chambers 1, 2, and 3. The process chambers 1, 2, and 3 are 
connected to a supply system 28 for independently supply 
ing a predetermined process gas into each of the chambers, 
and an exhaust system 29 for independently exhausting each 
of the chambers to set the inside into a vacuum state. 
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The process chambers 1, 2, and 3 are connected to three 
sides of an airtight ?rst transfer chamber 4 respectively 
through gate valves 5, 6, and 7. The process chambers 1, 2, 
and 3 and the ?rst transfer chamber 4 are selectively caused 
to communicate and not communicate With each other by the 
gate valves 5, 6, and 7. A ?rst transfer arm apparatus 9 for 
transferring Wafers W is arranged at the center inside the ?rst 
transfer chamber 4. The ?rst transfer arm apparatus 9 has the 
above described structure of the transfer arm apparatus 30. 
TWo airtight load lock chambers 12 and 13 are connected to 
the other side of an airtight ?rst transfer chamber 4 side by 
side respectively through gate valves 10 and 11. The load 
lock chambers 12 and 13 and the ?rst transfer chamber 4 are 
selectively caused to communicate and not communicate 
With each other by the gate valves 10 and 11. 
A Wafer W is transferred by the ?rst transfer arm appa 

ratus 9 from, for example, the load lock chamber 12 into one 
of the process chambers under a certain vacuum atmosphere. 
The Wafer W is transferred by the ?rst transfer arm apparatus 
9 into the process chambers 1, 2, and 3 sequentially, and is 
subjected to a certain process, such ?lm formation or 
etching, in each of the process chambers 1, 2, and 3. After 
all the processes are completed, the Wafer W is transferred 
by the ?rst transfer arm apparatus 9 into the other load lock 
chamber 13. 

The load lock chambers 12 and 13 are connected to a 
second transfer chamber 16 respectively through gate valves 
14 and 15 on the side opposite to the gate valves 10 and 11. 
The load lock chambers 12 and 13 and the second transfer 
chamber 16 are selectively caused to communicate and not 
communicate With each other by the gate valves 14 and 15. 
Cassette chambers 20 and 21 each for storing a cassette are 
connected to left and right sides, respectively, of the second 
transfer chamber 16 through gate valves 17 and 18. The 
cassette chambers 20 and 21 and the second transfer cham 
ber 16 are selectively caused to communicate and not 
communicate With each other by the gate valves 17 and 18. 
A second transfer arm apparatus 23 is arranged for trans 
ferring a Wafer W among the load lock chambers 12 and 13 
and the cassette chambers 20 and 21 inside the second 
transfer chamber 16 at the center betWeen the left and right 
cassette chambers 20 and 21. The second transfer arm 
apparatus 23 also has the above described structure of the 
transfer arm apparatus 30. 

A positioning apparatus 24 for positioning a Wafer W on 
the basis of its orientation ?at is arranged betWeen the 
second transfer arm apparatus 23 and the load lock chambers 
12 and 13. The Wafer W is positioned by the positioning 
apparatus 24 and then is transferred to the load lock chamber 
12 by the second transfer arm apparatus 23. Gate valves 25 
and 26 are arranged on the front sides of the cassette 
chambers 20 and 21. 

FIGS. 4A and 4B are a plan vieW shoWing a transfer arm 
apparatus according to another embodiment of the present 
invention, and a cross-sectional vieW taken along line 
IVB—IVB in FIG. 4A, respectively. 

Atransfer arm apparatus 40 according to this embodiment 
has a ?rst arm 41 mounted on a base table 35 (see FIG. 2), 
a second arm 42 connected by its proximal end to the distal 
end of the ?rst arm 41, and a third arm 43 connected by its 
central portion to the distal end of the second arm 42. The 
?rst and second arms 41 and 42 are bent and stretched 
relative to each other so that the third arm 43 is operable. 
Wafer support portions 43A each for supporting a semicon 
ductor Wafer are formed at the opposite ends of the third arm 
43, respectively. Accordingly, the transfer arm apparatus 40 
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can transfer tWo Wafers at a time While supporting the Wafers 
on the Wafer support portions 43A, respectively. The ?rst 
arm 41 is structured similarly to the ?rst arm 31 of the 
former embodiment. An explanation, therefore, Will be made 
mainly on the second and third arms 42 and 43, rather than 
the ?rst arm 41. 
As shoWn in FIGS. 4A and 4B, the second arm 42 has ?rst 

and second driving links 42A and 42B. The ?rst driving link 
42Apivotally connected directly to the ?rst arm 41 While the 
second driving link 42B is pivotally connected to the ?rst 
arm 41 through a proximal link 42C. The ?rst and second 
links 42A and 42B, the proximal link 42C, and the third arm 
43 are connected, so that a parallel link mechanism is 
constituted. As shoWn in FIG. 4A, the ?rst and second 
driving links 42A and 42B have shapes, in their plan vieW, 
the same as those of the driven links 32B shoWn in FIG. 1, 
and are arranged at a height level the same as that of the 
driven links 32B. 
An axial shaft 42D used as the ?rst rotational axis member 

extends doWnWard from the bottom surface of the proximal 
end of the ?rst driving link 42A. The axial shaft 42D 
functions as an axial shaft of the loWer one of the second 
pulleys in the ?rst arm 41, i.e., the loWer one of the second 
pulleys 31G shoWn in FIG. 2. Apin 42E extends doWnWard 
from the bottom surface of the proximal end of the second 
driving link 42B. The pin 42E is rotatably supported by a 
bearing 42E in a hole formed in one end, i.e., the right end 
in FIG. 4B, of the proximal link 42C Which has an essen 
tially elliptic and long shape. 
A holloW axial shaft 42G extends doWnWard from the 

other end, i.e., the left end in FIG. 4B, of the proximal link 
42C. The holloW axial shaft 42G is rotatably supported by a 
bearing 42H in a hole formed in the distal end of the casing 
41A of the ?rst arm 41. The axial shaft 42D of the ?rst 
driving link 42A coaxially penetrates the holloW axial shaft 
42G, and is supported by a bearing 42I therein. 

In other Words, in this embodiment, the ?rst and second 
driving links 42A and 42B of the second arm 42 constitute 
a ?rst pair of parallel links, and the proximal link 42C and 
the third arm 43 constitute a second pair of parallel links 
connecting the ?rst pair of parallel links. In the transmission, 
the ?rst rotational axis member (the axial shaft 42D) trans 
mits a rotational driving force to the ?rst pair of parallel 
links, and the second rotational axis member (the holloW 
axial shaft 42G) transmits a rotational driving force to the 
second pair of parallel links through the proximal link 42C. 
The axial shaft 42D of the ?rst driving link 42A and the 

pin 42E of the second driving link 42B are provided With 
pulleys, respectively, above the proximal link 42C. A belt 
42] is Wound around the pulleys, so that a pulley mechanism 
is constituted. Accordingly, When the axial shaft 42D is 
driven to rotate, the ?rst driving link 42A pivots through the 
driving shaft 42D and the second driving link 42B pivots 
through the belt 42] by an angle and in a direction both the 
same as those of the ?rst driving link 42A. Further, the ?rst 
and second driving links 42A and 42B pivot by tWice the 
angle of the ?rst arm 41 in a direction reverse thereto. The 
proximal link 42C pivots by the same angle as the ?rst arm 
41 in a direction reverse thereto. 

TWo pins 43B and 43C extend doWnWard from the center 
of the third arm 43 and are separated from each other in the 
longitudinal direction of the third arm 43. The pins 43B and 
43C are rotatably supported by bearings (not shoWn) in 
holes formed in the distal ends of the ?rst and second driving 
links 42A and 42B. 
An explanation Will be given on an operation of the 

transfer arm apparatus 40. Assume here, for example, that 
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the ?rst arm 41 pivots clockwise by 90° from the initial state, 
as shown in FIG. 4A. In this case, the ?rst and second 
driving links 42A and 42B of the second arm 42 pivot 
counterclockwise by 180°, i.e., tWice the angle of the ?rst 
arm 41, relative to the ?rst arm 41 through the belt 42]. At 
the same time, the proximal link 42C pivots by 90° relative 
to the ?rst arm 41. As a result, the second arm 42 becomes 
fully stretched relative to the ?rst arm 41. 

Due to a function of such a parallel link mechanism, the 
third arm 43 remains parallel relative to the proximal link 
42C While the ?rst and second arms 41 and 42 are pivoting. 
Since the proximal link 42C pivots relative to the ?rst arm 
41 by the same angle as the ?rst arm 41 in the opposite 
direction, the proximal link 42C keeps its orientation in the 
initial state, and thus the third arm 43 also keeps its 
orientation in the initial state, While the ?rst and second arms 
41 and 42 are pivoting. In addition, the distance betWeen the 
pivotal axes of the ?rst and second arms 41 and 42 and the 
distance betWeen the pivotal axes of the second and third 
arms 42 and 43 are set equal. As a result of such a structure, 
the third arm 43 linearly moves on a line extending across 
the pivotal axis of the ?rst arm 41 While the ?rst, second, and 
third arms 41, 42, and 43 are operated. 

In this embodiment, When the ?rst and second arms 41 
and 42 are returned to the initial state after they are fully 
stretched, the moment of rotation of the ?rst driving link 
42A Works on the second driving link 42B through the belt 
42]. Accordingly, even When the ?rst and second arms 41 
and 42 are stretched out and the parallel link mechanism is 
at a dead point, the second arm 42 is smoothly activated to 
move. As a result, the ?rst, second, and third arms 41, 42, 
and 43 can be stably operated to accurately transfer a Wafer 
to a predetermined position. In addition, the transfer arm 
apparatus 40 can present advantages similar to those of the 
transfer arm apparatus 30 shoWn in FIG. 1. 

FIGS. 5A and 5B are a plan vieW shoWing a transfer arm 
apparatus according to a modi?cation of the embodiment 
shoWn in FIGS. 4A and 4B, and a cross-sectional vieW taken 
along line VB—VB in FIG. 5A, respectively. The transfer 
arm apparatus 40 has the ?rst and second driving links 42A 
and 42B, Which are asymmetrically arranged relative to the 
line connecting the pivotal axes of the ?rst and second arms 
41 and 42. In contrast, a transfer arm apparatus 40M shoWn 
in FIGS. 5A and 5B has ?rst and second driving links 42A 
and 42B, Which are symmetrically arranged relative to the 
line connecting the pivotal axes of ?rst and second arms 41 
and 42. Besides this feature, the transfer arm apparatus 40M 
is designed to have the same structure as the transfer arm 
apparatus 40, and thus its detailed explanation is omitted 
While the common reference symbols are used betWeen the 
transfer arm apparatuses 40 and 40M. 

FIGS. 6A and 6B are a plan vieW shoWing a transfer arm 
apparatus according to still another embodiment of the 
present invention, and a cross-sectional vieW taken along 
line VIB—VIB in FIG. 6A, respectively. 

Atransfer arm apparatus 50 according to this embodiment 
has a ?rst arm 51 mounted on a base table 35, a second arm 
52 connected by its proximal end to the distal end of the ?rst 
arm 51, and a third arm 53 connected by its central portion 
to the distal end of the second arm 52. The ?rst and second 
arms 51 and 52 are bent and stretched relative to each other 
so that the third arm 53 is operable. Wafer support portions 
53A each for supporting a semiconductor Wafer are formed 
at the opposite ends of the third arm 53, respectively. 
Accordingly, the transfer arm apparatus 50 can transfer tWo 
Wafers at a time While supporting the Wafers on the Wafer 

10 

15 

20 

25 

35 

40 

55 

60 

65 

12 
support portions 53A, respectively. The ?rst and second 
arms 51 and 52 differ from those of the former 
embodiments, as described later, but the third arm 53 is the 
same as that of the former embodiments except for a 
pin-connecting fashion. 
As shoWn in FIGS. 6A and 6B, the ?rst arm 51 is formed 

of a casing 51A Which contains a transmission 51B different 
from that contained in the ?rst arm 31 shoWn in FIG. 2. The 
transmission 51B includes a ?rst pulley 51C arranged on the 
proximal side of the casing 51A, a second pulley 51D 
arranged on the distal side of the casing 51A and having 
tWice the diameter of the ?rst pulley 51C, and a belt 51E 
Wound around the ?rst and second pulleys 51C and 51D. 

The axial shaft of the ?rst pulley 51C coaxially penetrates 
the holloW axial shaft of the casing 51A along its axial 
center. The second pulley 51D is ?xed to the bottom of a 
proximal link 52C having a box shape. The second pulley 
51D is rotatably supported by a bearing on a ?xed axial shaft 
51G Which extends upWard from the casing 51A. A third 
pulley 51F is formed at the top end of the ?xed axial shaft 
51G. 
As shoWn in FIGS. 6A and 6B, the second arm 52 has ?rst 

and second links 52A and 52B one above the other, Which 
have long, narroW shapes and the same length. The ?rst and 
second driving links 52A and 52B are arranged such that 
their centers in their longitudinal directions are slightly 
shifted from each other in the initial state shoWn in FIG. 6A. 
Axial shafts 52D and 52E extend doWnWard from the 
proximal ends of the ?rst and second driving links 52A and 
52B, respectively. Each of the axial shafts 52D and 52E is 
rotatably supported by a bearing 52F in a hole formed in the 
upper Wall of the box-like proximal link 52C. 

The axial shafts 52D and 52E are provided With fourth 
and ?fth pulleys 52G and 52H, respectively, one on either 
side of the third pulley 51F, and each having the same 
diameter as the third pulley 51F. TWo belts, i.e., upper and 
loWer belts 521 are Wound around the third pulley 51F and 
both of the forth and ?fth pulleys 52G and 52H in the 
opposite directions to cross each other. Accordingly, the 
forth and ?fth pulleys 52G and 52H rotate by the same angle 
as the third pulley 51F in a direction reverse thereto. 

Holes are formed at the distal ends of the ?rst and second 
driving links 52A and 52B such that the distance therebe 
tWeen is set the same as that betWeen the axial shafts 52C 
and 52E. Pins 53B and 53C extend doWnWard from the 
bottom surface of the third arm 53 and are rotatably sup 
ported by bearings 53D and 53E in the holes at the distal 
ends of the ?rst and second driving links 52A and 52B. The 
pins 53B and 53C are arranged at the center in the longitu 
dinal direction of the third arm 53 and are separated from 
each other in the Width direction of the third arm 53. The ?rst 
and second links 52A and 52B of the second arm 52 form 
bridges betWeen the box-like proximal link 52C, Which 
supports the axial shafts at the proximal ends of the links 
52A and 52B, and the third arm 53, Which is pin-connected 
to the distal ends of the links 52A and 52B, so that a parallel 
link mechanism is constituted. 

In other Words, in this embodiment, the ?rst and second 
driving links 52A and 52B of the second arm 52 constitute 
a ?rst pair of parallel links, and the proximal link 52C and 
the third arm 53 constitute a second pair of parallel links 
connecting the ?rst pair of parallel links. In the transmission 
51B, the ?rst rotational axis member (the third pulley 51F) 
transmits a rotational driving force to the ?rst pair of parallel 
links, and the second rotational axis member (the second 
pulley 51D) transmits a rotational driving force to the 
second pair of parallel links through the proximal link 52C. 
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In the initial state shown in FIG. 6A, the parallel link 
mechanism of the second arm 52 is at a dead point. When the 
arms are activated from this state, the ?rst and second 
driving links 52A and 52B are driven by the forth and ?fth 
pulleys 52G and 52H to pivot about their axial shafts. As a 
result, the ?rst and second driving links 52A and 52B are 
reliably and stably driven by the forth and ?fth pulleys 52G 
and 52H Without reference to the dead point. 

Unlike the former embodiments, the ?rst pulley 51C has 
half the diameter of the second pulley 51D in this embodi 
ment. For this reason, the ?rst pulley 51C has to be driven 
to rotate in synchronism With the ?rst arm 51 by the same 
angle as the ?rst arm 51 in a direction reverse thereto. By 
simultaneously driving the ?rst pulley 51C and the ?rst arm 
51 to rotate and pivot in opposite directions, the ?rst, second, 
and third arms 51, 52, and 53 become operable essentially 
equally to those of the former embodiments. In other Words, 
?rst, second, and third arms 51, 52, and 53 can be operable 
betWeen the initial state shoWn in FIG. 6A and the linearly 
stretched state, so that the maximum transfer stroke of the 
link mechanism is attained. 

More speci?cally, assume that the ?rst arm 51 is driven to 
pivot by a certain angle While the ?rst pulley 51C of the 
transmission remains stationary. In this case, the second 
pulley 51D, box-like proximal link 52C, and forth and ?fth 
pulleys 52G and 52H rotate by half the angle of the ?rst arm 
51 in a direction reverse thereto. Further, the forth and ?fth 
pulleys 52G and 52H also rotate relative to the box-like 
proximal link 52C by half the angle of the ?rst arm 51 in a 
direction reverse thereto. This is because, the third pulley 
51F ?xed to the casing 51A and both of the forth and ?fth 
pulleys 52G and 52H are connected by the tWo belts, i.e., 
upper and loWer belts 52I Wound around them to extend in 
opposite directions and to cross each other. Accordingly, 
When only the ?rst arm 51 pivots by 90°, the second arm 52 
pivots by 90° in the opposite direction relative to the ?rst 
arm 51, and the ?rst and second arms 51 and 52 come to a 
state Where they form a right angle and are not fully 
stretched. 

In contrast, assume that the ?rst arm 51 is driven to pivot 
While the ?rst pulley 51C of the transmission is simulta 
neously driven to rotate by an angle the same as the ?rst arm 
51 in a direction reverse thereto. In this case, the ?rst and 
second arms 51 and 52 form an angle tWo times larger than 
the pivotal angle of the ?rst arm 51. Accordingly, When the 
?rst arm 51 pivots by 90°, the second arm 52 pivots by 180° 
relative to the ?rst arm 51, so that the ?rst, second, and third 
arms 51, 52, and 53 are fully and linearly stretched. 

Further, due to a function of the parallel link mechanism, 
the third arm 53 remains parallel relative to the proximal link 
52C While the ?rst and second arms 51 and 52 are pivoting. 
Since the proximal link 52C pivots relative to the ?rst arm 
51 by the same angle as the ?rst arm 51 in the opposite 
direction, the proximal link 52C keeps its orientation in the 
initial state, and thus the third arm 53 also keeps its 
orientation in the initial state, While the ?rst and second arms 
51 and 52 are pivoting. In addition, the distance betWeen the 
pivotal axes of the ?rst and second arms 51 and 52 and the 
distance betWeen the pivotal axes of the second and third 
arms 52 and 53 are set equal. As a result of such a structure, 
the third arm 53 linearly moves on a line extending across 
the pivotal axis of the ?rst arm 51 While the ?rst, second, and 
third arms 51, 52, and 53 are operated. 

In the transfer arm apparatus 50, even When the parallel 
link mechanism of the second arm 52 is at the dead point, the 
?rst and second driving links 52A and 52B are positively 
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driven to pivot by the forth and ?fth pulleys 52G and 52H, 
so that the second arm 52 is reliably and accurately activated 
from the dead point. In addition, the transfer arm apparatus 
50 can present advantages similar to those of the transfer 
arm apparatus 30 shoWn in FIG. 1. 

FIGS. 7A and 7B are a plan vieW shoWing a transfer arm 
apparatus according to still another embodiment of the 
present invention, and a cross-sectional vieW taken along 
line VIIB—VIIB in FIG. 7A, respectively. 

Atransfer arm apparatus 60 according to this embodiment 
has a ?rst arm 61 mounted on a base table 35 (see FIG. 2), 
a second arm 62 connected by its proximal end to the distal 
end of the ?rst arm 61, and a third arm 63 connected by its 
central portion to the distal end of the second arm 62. The 
?rst and second arms 61 and 62 are bent and stretched 
relative to each other so that the third arm 63 is operable. 
Wafer support portions 63A each for supporting a semicon 
ductor Wafer are formed at the opposite ends of the third arm 
63, respectively. Accordingly, the transfer arm apparatus 60 
can transfer tWo Wafers at a time While supporting the Wafers 
on the Wafer support portions 63A, respectively. 
The transfer arm apparatus 60 is designed to be the same 

as the transfer arm apparatus 40 except that the pulley 
mechanism including the belt (only the belt 42] is provided 
With a reference symbol in FIG. 4B) for the second arm 42 
is omitted. The transfer arm apparatus 60, therefore, Will be 
mainly explained in terms of the differences from the 
transfer arm apparatus 40. 

A second arm 62 has a driving link 62A and a driven link 
62B. The driving link 62A rotatably supported directly by a 
?rst arm 61, While the driven link 62B is rotatably supported 
by the ?rst arm 61 through a proximal link 62C. A parallel 
link mechanism is constituted by the driving link 62A, the 
driven link 62B, the proximal link 62C, and a third arm 63. 
The driving link 62A and the proximal link 62C have an 
axial shaft 62D and the holloW axial shaft 62G, respectively, 
Which have a common axial center. The axial shaft 62D is 
rotatably supported in the holloW axial shaft 62G Which, in 
return, is rotatably supported in a hole formed in the distal 
end of a casing 61A. The driven link 62B has a pin 62E 
Which is rotatably supported in a hole formed in the proxi 
mal link 62C. 

In other Words, in this embodiment, the driving link 62A 
and the driven link 62B of the second arm 62 constitute a 
?rst pair of parallel links, and the proximal link 62C and the 
third arm 63 constitute a second pair of parallel links 
connecting the ?rst pair of parallel links. In the transmission, 
the ?rst rotational axis member (the axial shaft 62D) trans 
mits a rotational driving force to the ?rst pair of parallel 
links, and the second rotational axis member (the holloW 
axial shaft 62G) transmits a rotational driving force to the 
second pair of parallel links through the proximal link 62C. 

Note that the driven link 62B is a link Which folloWs 
movement of the driving link 62A, unlike the second driving 
link 43B shoWn in FIG. 4A. Since the driven link 62B is not 
positively driven, movement of the second arm 62 becomes 
unstable, as in an ordinary parallel link mechanism, at or 
near a dead point formed by the driving link 62A and the 
driven link 62B. Accordingly, unlike the former 
embodiments, this embodiment does not alloW the ?rst and 
second arms 61 and 62 to be fully stretched, and thus its 
transfer stroke becomes insuf?cient, as compared to the 
former embodiments. On the other hand, hoWever, this 
embodiment alloWs an arm structure to be simple, as com 
pared to a case Where a pulley mechanism is contained in 
each of the ?rst and second arms. 
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Additional advantages and modi?cations Will readily 
occur to those skilled in the art. Therefore, the invention in 
its broader aspects is not limited to the speci?c details and 
representative embodiments shoWn and described herein. 
Accordingly, various modi?cations may be made Without 
departing from the spirit or scope of the general inventive 
concept as de?ned by the appended claims and their equiva 
lents. 

What is claimed is: 
1. A transfer arm apparatus for a semiconductor process, 

comprising: 
a ?rst arm bidirectionally pivotable about its proXimal 

end; 
a second arm connected by its proXimal end to a distal end 

of the ?rst arm, said second arm being bidirectionally 
pivotable about its proXimal end relative to said ?rst 
arm; 

a third arm connected by its central portion to a distal end 
of the second arm, said third arm having support 
portions, each for supporting a target substrate, on 
opposite ends; 

Wherein said second arm has a proXimal link pivotally 
mounted on said distal end of said ?rst arm, and ?rst 
and second links connecting said proXimal link and said 
third arm to constitute a link mechanism, said ?rst and 
second links forming a ?rst pair of parallel links, and 
said proXimal link and said third arm forming a second 
pair of parallel links connecting said ?rst pair of 
parallel links; 

a transmission supported by said ?rst arm, and having ?rst 
and second rotational aXis members coaXially arranged 
at said distal end of said ?rst arm, said ?rst rotational 
aXis member being for transmitting a rotational driving 
force to said ?rst pair of parallel links, and said second 
rotational aXis member being for transmitting a rota 
tional driving force to said second pair of parallel links 
through said proXimal link; and 

a driving mechanism for supplying said rotational driving 
forces to said ?rst arm and said transmission; 

Wherein said ?rst link consists of a driving link directly 
connected to said ?rst rotational aXis member, and said 
second link consists of a driven link freely and pivot 
ally mounted on the proXimal link. 

2. The apparatus according to claim 1, Wherein said 
driving mechanism has ?rst and second driving motors for 
supplying said rotational driving forces to said ?rst arm and 
said transmission, respectively. 

3. The apparatus according to claim 2, comprising ?rst 
and second root aXial shafts for transmitting said rotational 
driving forces from said ?rst and second driving motors to 
said ?rst arm and said transmission, respectively, Wherein at 
least one of said ?rst and second root aXial shafts is a holloW 
aXial shaft and said ?rst and second root aXial shafts are 
coaXially arranged. 

4. The apparatus according to claim 3, Wherein said ?rst 
arm is pivotally mounted on a base table through said ?rst 
root aXial shaft, and said ?rst and second driving motors are 
arranged under said base table. 

5. The apparatus according to claim 1, Wherein said 
second rotational aXis member comprises a holloW aXial 
shaft Which coaXially surrounds said ?rst rotational aXis 
member. 
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6. The apparatus according to claim 1, Wherein said 

transmission is formed essentially of a pulley mechanism 
comprising pulleys and a belt. 

7. The apparatus according to claim 1, Wherein said 
second and third arms are connected to each other by a 

bearing made of a heat resistant material. 
8. The apparatus according to claim 1, Wherein said ?rst 

rotational aXis member is ?Xed to said ?rst link. 
9. The apparatus according to claim 1, Wherein said 

second arm comprises a third link connecting said proXimal 
link and said third arm, said third link consists of a driven 
link freely and pivotally mounted on the proXimal link, such 
that said ?rst and third links form a pair of parallel links. 

10. The apparatus according to claim 9, Wherein said 
second and third links are symmetrically arranged to inter 
pose said ?rst link therebetWeen. 

11. The apparatus according to claim 1, Wherein said ?rst 
and second links are arranged at different height levels 
relative to said ?rst arm. 

12. The apparatus according to claim 1, Wherein said 
proXimal link is driven to pivot relative to said ?rst arm by 
an angle the same as that of said ?rst arm in a direction 

reverse to that of said ?rst arm. 

13. The apparatus according to claim 12, Wherein said ?rst 
and second links are driven to pivot relative to said ?rst arm 

by an angle tWo times larger than that of said ?rst arm in a 
direction reverse to that of said ?rst arm. 

14. The apparatus according to claim 13, Wherein a 
distance betWeen pivotal aXes of said ?rst and second arms 
and a distance betWeen pivotal aXes of said second and third 
arms are set to be the same. 

15. A semiconductor processing system, comprising: 
an airtight process chamber Which is provided With a 
Work table arranged in said process chamber for sup 
porting a target substrate, a supply for supplying a 
process gas into said process chamber, and an exhaust 
for exhausting and setting said process chamber into a 
vacuum state; and 

an airtight transfer chamber Which is connected to said 
process chamber through a gate valve and is provided 
With a transfer arm apparatus for loading and unloading 
target substrates to and from said process chamber; 

Wherein said transfer arm apparatus includes 

a ?rst arm bidirectionally pivotable about its proXimal 
end, 

a second arm connected by its proXimal end to a distal end 
of the ?rst arm, said second arm being bidirectionally 
pivotable about its proXimal end relative to said ?rst 
arm, 

a third arm connected by its central portion to a distal end 
of the second arm, said third arm having support 
portions, each for supporting a target substrate, on 
opposite ends, 

Wherein said second arm has a proXimal link pivotally 
mounted on said distal end of said ?rst arm, and ?rst 
and second links connecting said proXimal link and said 
third arm to constitute a link mechanism, said ?rst and 
second links forming a ?rst pair of parallel links, and 
said proXimal link and said third arm forming a second 
pair of parallel links connecting said ?rst pair of 
parallel links, 
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a transmission supported by said ?rst arm, and having ?rst 
and second rotational axis members coaxially arranged 
at said distal end of said ?rst arm, said ?rst rotational 
axis member being for transmitting a rotational driving 
force to said ?rst pair of parallel links, and said second 
rotational axis member being for transmitting a rota 
tional driving force to said second pair of parallel links 
through said proximal link, and 

a driving mechanism for supplying said rotational driving 
forces to said ?rst arm and said transmission, 

Wherein said ?rst link consists of a driving link directly 
connected to said ?rst rotational axis member, and said 

10 
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second link consists of a driven link freely and pivot 
ally mounted on the proximal link. 

16. The system according to claim 15, comprising an 
airtight second process chamber Which is connected to said 
transfer chamber through a gate and is provided With a Work 
table arranged in said process chamber for supporting a 
target substrate, a supply for supplying a process gas into 
said process chamber, and an exhaust for exhausting and 
setting said process chamber into a vacuum state, Wherein 
said transfer arm apparatus is used for loading and unloading 
target substrates to and from said second process chamber. 

* * * * * 


